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[t£tr5Mf] 
[0 0 0 1 ] 

[Hrm*r#] 

10 0 0 2 ] 

iiiSoft * z> z t t>m®LX$> z> o 

[0 0 0 3 ] 

_hj£ LfzXo CtT -ft 7s*r— YV — +F (i+r 7V < > K Rjlf £ f Uffl L P N £ W L & 
[0 0 0 4 ] 

^cDi -? i-l?#p*xy- KI/-ffc LT(±, LT I n P 3£« «: Jfl v » 

KW-f (I n P -QC L) j&*=EU$D<b*iTV»*o I n P «t *9 k^fffi 

T*»)ie£14fc:«*L7tG a A siS^fflv^cf^^y- Kl^-^f (G a A s -QC L) 
iraH$ntv»4 0 ^fTOl tcii, ^<7)**#Wf|-t LTG a A s Zm^tztt* 
A + -VV—*f (GaAs-QCL) ^Sftti/^o ^Jt 1 i:fEf OG a 

As-QCLtii, flHt* KaAs/AlGaA slA^iffi L G a A s ^« fS14 
iiOHC, G a A s 3SSII!*»?)H:i|RR^ 9 7 KI (n"lGaAsl) S^tftK 
n7« (nlGaAsi) *ntfX^2> 0 fit, J: •) . fi£ 7 7 K, 9 

M rnXU-^MLtzZ t#«§§ftTi"4, 

[#£#!ri\£§£ 1 ] C.Sirtori et. al., "Low-loss Al-free waveguides for unipolar 
semiconductor lasers", Appl. Phys. Lett, vol.75 (1999) pp. 3911-3913. 

[0 0 0 5] 

LTG a A sSf^ffl^G a A s - Q C L <D^\Z (i , K^-f x-;f> 

m/n-bx £ ffl v » -c j@«8Mnx £ i t ^mxh *) , lis *5ttfiB-ffc^SI« 

fLT, y^)U^mif^ i3V^T(± I nP-QCLOIi-^ttl^^^ILTV^o - O <t n \Z 
GaAs-QCLtlil nP-QCLi^ < o^S^tLT* <9 , G a A 

s-QCL^tt^ («Aif, *saT?oji« (cw) n«) *«ai*iTv>fc 0 

[0 0 0 6] 

U - Hf t; is v» T C Wttfts (± i%*P L it n tf t>iSM9 "T *fr*P» Ltwfco #K * 
[0 0 0 7 ] 

G a A s -QC L £ffifi-CCWS§«S*<& £ fc LTfft3RW$E**;ta 
, JUJLT^i t fcilffi L7t 0 iti^ JI 1 i:Et© GaAs-QCL 

i X K+5fr«SE $ * £ i&Kri» ^ 3 T m <OW $ £ +^J¥ < L 4 tt ntfi 4r o 

^(Dtzfr, G a A s - Q C L ^iljS^il^ $ ti S eHi^ I < &oTv>fc 0 
[0 0 0 8 ] 
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[0 0 0 9] 

CO x n %BM*mJ&i-2>tzi£>i l z^ X ^ii 1 *^^- K G a A s ^ 

*b *##!MK±K8S:it otitis 19 , * : f-#^fl|jtHJ3»t&-9-//'f> K 

[0 0 10] 

# < "T 4 C 35*nr«6T?* 4 o d ttK J: *K * * 9 y KJf t L T ftgg $ * 

[001 1 ] 

ri* 0 . 1 %m± 4 0 %ttT^ 4 CI t 7^ ? M £ L v> 0 ^OSJcifcri* 0 . 1 %J^±-C* 4 - 

i&ittiU 0 %S,TO^>: fc i:i 19 K^r> •/ < i~ z> z\ t ffx # & 0 

[0012] 

V^TC^t UAs, P&tKS b<7)9 *><9^& < t <> 1 oiiii: ^-g-trlll-Vj^t^ 
[0013] 

*>^3&ttfcJaW^£G a A s£4£J: «J i>M£>Z>Z ttfnjmX&Zo *<Otz*b* GaAs* 
<bfc£#3M*:2k«£* 9 ^ KS fc LT«SB§**i t75*T#40-C, ^T-O^^^lS < f 

[0014] 
[0 0 15] 

(ss 1 <vmmm) 
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cov>tt^t^ 0 m i ti, *iifi«i?-*^t - k i^ — -f i im-rmmmmm-ei} 

h 0 m 1 izmtfz fi, lio^f Mlk LTG a A s ^ffl^fci^*^^- K 

[0 0 16] 

«f 1 Ji, 0 . 5-4X1 0 17 cm- 3 mm<7) \&MJ%. K— 7'(7)G a A s 
) 1 0 ±(C 7£M 1 1 , 5-;Kll2, 7 y KS 1 3 SO'n > * * h 

S i 4 rt ? JHi^fJl ^tli^trv^o l <7)ffl(fiOT *t in] Ltv^pjf 

[0017] 

ffittH 1 Hi, G a A 1 0±CiILTM$n, l^p!ilT*0+7A'y K 
[ 0 0 1 8 1 

Jl-ffcffjfcUU iStti 1 Hi, iT-^R^jf (It#P?Sttl) , S^ffiAS^St: 

#p^7t^ <*> ra^ * k!£ tt «b n * x ^ - k« it HMLt^s mm<v-& xm *tL-cv»4 

, »«jL-y (iT-^^if &0<ftA/f 0«Jf^|o]Oj?£) fc LT(i, ft 4 5 

. 3 nm#^$ft4, &*3, « § J^- y h^iff> h Off 6££fi ^ ft 

[0 0 19] 

m2(i, -fet4® i i <Dj7*^r- vmm, s^i^piiiw^^o KWii^o— « 

^ov^T^-T^EIT-^^o HI2 K£>^TIi, !ftBj3<7)7ta6, r&teS 1 UMLT 

v^i^prH^SSO'ffiAWHi-SaBmdtO^ 2 H<0»T-#p|§7feS 1 0 2 , 1 

0 4, ai^Hit* 1 0 2, 1 0 4 ^ttifz lfWftAl 1 0 303it:o^t, 

[0 0 2 0] 

in 2 tc^-r «t -) u, fiT-#^i§7ts 102, io4ii, »t-#p^« i i o tm^mmm 

1 1 1 tfrbmj&ZtiX^&o 1 0 2, 1 0 4 -C(i, :tib»i?#pl 1 1 01 

^K^-pf mm i i ^ijx(i, m&itztifcttmtiLn = 1 , 2^^«fy/o 

KB 1 , -9- TV* > K b 2 ri*^Jj£ Sfttv^. 
[0 0 2 1 ] 

ifc, MSI 0 2, 1 0 4 OBCli, ffAil 0 3 7i ? IS:itbixTv^ o c^riA/ll 
0 3 ti, 1 1 2 tl^-ilS 1 1 3 W^M^ttfc 19 , i?-#PJi 1 1 2 

«i«S 1 0 2 frh^kim 1 0 4 [6]^9^"fS]t"?&oTM< ^otv^ < «£ -5 tcft^ 

[0 0 2 2 ] 

£ t , mT- 1 0 1 ^H^cS 1 0 2 co-9"-7Vs> KB 2 Cl^CSA^ft^o t7VO KB 

2 1 0 1 li-9-7Vs> KB 1 ^tm$L, :ot7*/<> KWTOU «fc 0 , 
•9-yVs> KB 1, B 2 ©x^;^*-^t 7 /CfflltSSI©* h v ifiSz.&ZtiZo 

[0 0 2 3 ] 

f^p^i 1 0 2 0-9-7Vs> KB l^iliL/cli 1 1 0 1 fi, +)"7Vs>- K 
B 1 7&»«b2£A* 1 0 3 SriiiSLTS&jfcJi 1 0 4 tf> KB 2 KJHRlftK&ASft&o 
-e-LT, iOUT- 1 0 1 li, i^pHjlci 1 0 4 C^v^ty/O KB 2^<bt7'/0 
KBl^fca»1"* 0 -Ot£, t7"/OKBl, B2(7)x^j^--^>7 7'(:fflSf4 
r^ftO^th ./^ftSftio ftT-#P^7t^ 1 0 2, 1 0 4 izte\,*x*tiz r ti£.i&zn& 
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[0 0 2 4 ] 

U— f 1 tcjoV^Tfi, ^IftlSUTGaAsiil O^fflv^ixtv^ctC^ 
LT, fi^-4tP^(iV^7C^<h LTCOA s (N) t trill - VlM^f 

<b5G a I nNAs i^-Pf HJi (4 A 1 G a A s !4^M$titv^o - C 

X\ G a I n NA s <7)— ^^G a x I ni- x N y A si-vK&tt& I n &cKNO*iJ£^if.i*# 
;t^bft&^\ #iJ;Ui\ I n <Dm.f&& x (4 0 . 0 3 , NO&JcJfcy fiO. 0 0 4 4^§ o 
:oiH*Ga I nNAs *if#Pi^ L tt?-#plf i^tfffAi £t#$ci~-?> t 

1 1 (n^m^mnmtG a a s»« i o x v < &o-c^& 0 

[ 0 0 2 5 ] 

[H 1 *^m-t& t , iSttl 1 lH*TGaAs 1 0 t J"£*MB!l (El^OJbffiiJ) Oi£ 
ttlf 1 1 ±K14, vSttl 1 1 frhM¥JZ&Wiffi? y y YM 1 2 ""tCTOifcft* 5 y K* 1 3 ifi 
IS$iiTv^ 0 y y Vm 1 2 tt, nI<7)G a A si^^i^#i|ft|^ *) , 

fSteB 1 1 OJBffiif-J: M>£v^i»TSp£*-t- £0 ifc, iSK^yy K« 1 3 14, n + + M 
<7) G a A sWrt* SiftK^ 7 7 Ki 1 2 J: ») fcMK'h£v»JSW*|s4- 

[0 0 2 6] 

JiiELfcJ: 9 ? K« 1 3±^Jil^— «f 1 tw«»S:&Ai"****r« 

[0 0 2 7 ] 

±ffiu— 1 \ztsV&&¥.UHtmv>&2RV t *v*) TiHgo-WiH. \<Dti$n X&& 

o 

[0 0 2 8] 
[«1] 









7 y Kg 1 3 


1 \i m 


n=6X 10 18 cm'" 


#Stf8* 7 5/ Kg 1 2 


3. 5 m 


n=4 X 10 16 cm* 3 


GalnNAs/AlGaAs ?£ttJf 1 1 


1. 63 u m 




G a A s 1 0 




n=0. 5~4X10 17 cm" 3 



ilt^^t, iSttil Hi, ±IEiT-#J-?lg-Xy f fl: : f : l*M?t:»®L^ST-#Ff&^:e 
[0 0 2 9] 

±lLf:l^-f 1 (4, 1?lJx_(4\ (Molecular Beam Epitaxy) &£fflv> 

XftmirZ Z ho :©Mt1i, G a A sitl 0±K, GalnNAs/Al 

g a a s stt* 1 1 , m-<&m? 7 y vm 1 2Rvm>-im? y y vm 1 3 stm^jsr^^-c 

[0 0 3 0] 

©14* 1 1 Zffifc LTV»4 AIGaAsI, 5 y KS 12, 1 

3 G a A sB(4f£"t*-Oj££SJ£, 1"&;fo*> 6 0 0 °CmfeXf&m £ -t!:*U4&v^\ G 

a I nNAsi(:ov»tli, I n *>fli$Mi«:#*K AftT 4 5 OtgEt-M^^^ii 
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if^ L^ 0 ttz, V-^y YmiX^ixtzG a A s St?* 7 7 Kg 12, 1 
3<7) K-/-?> h t LTIi, S i iimTr-Zi'i&o 
[0 0 3 1 J 

_Lf£ I-- — +P' 1 C&i^T, rSttS 1 1 ©i^^pf^G a I nNAsJj»f>*iSfttv»4 

ift&iSJ/rW, G a A sSS 1 OS^'OT^ 2iHS5< 4oTv^ c t£o 

T, GaAsISlO, fSttS 1 1 Rtmfcnt? ? y Kf 1 2 iz X *) *tRK«jS* s ^« S 

[0 0 3 2 ] 

m 4 &i> i/-f 1 <7>®iff^^ t , fStts 1 1 -c^jo $ n fcjfco u — 9-* 1 tcij tt 4 #38 

mfrftt «r^xi-0-C**o *«f±. El 1 K*5V»TG a A s 1 0 fcffite* 1 1 t<DWM 

*mmzLtzi§ s ^<n&mt^<n'fem.**7FLx^h 0 ^mit^mRrfm^m^^Lx^ 

<QX-$>2>o -t%:t>*>, SttS 1 1 WiT-^piliG ao.97 I no.03No.0044 A so. 9956^ 
bmj&Zfi^ if»illiAlo.33Gao.67As*»t>«*§*iTv>-5i:Lt 0 Sfc, ffift 
VI Ki> lifil^ ^pSS^'IiF-BiS L ti^^pMiS^i^f) i -5 

»jBJL-y h^3 6i«iLt(>oH/:o mmzL-y w^momz wtmuftomz 

) S.ra^JHff(iHI3 izm-r®3L<Qtt3t)"e$>&o HK, ±Ei)i£(DiSttl 1 1-Cti, •& 
0:7 /u m<D3tff3£-£t>tl2> t Lfz 0 
[0 0 3 3 ] 

El 4 *#fiai-s fc, »fi K&tt&T&tt/i 1 io/stjf^f±3. 3 0-e*>«j, ±&Lfc 

cfc 9 KrS1£S 1 1 (± G a A s 1 0 (fflflfsg : 3 . 2 3) XtT|«fi^ 5 7 Kg 1 2 <£ 
H*^«$^tLtv^ 0 tot, **I*?)1*F$*l-6J:9J:, ffittil 1 ~C<D 

[0 0 3 4 ] 

VcML<otz*>\z$&ii<om.=$'iiA'!r- Y\'—*f<om&LW\Z'o^x®mirZ> 0 m 5 (i 
, ^1?*^^- KW--9-'^^1-ffliJMBfffillI-eab>2)o 11 5 ICtf L 1^-+P" 9 ti, Ga 
A slf ^ffli>/:G a A s /A 1 G a A sM^Xt- KU-f-Cab4 0 
[0 0 3 5] 

1^— f 9 ti> G a A s 9 01C, Si£f&* v y KS 9 1 , »tK3 7l 9 2 , ffift 
193, »3 7i9 4, *|?£j&^7:y Kg 9 5S^>^ Ml 9 6**flSK*»$ft 

[0 0 3 6 ] 

? y VM9 1, 9 5 (i n + + Sc?G a A si^ib44**frifife 0 , lifcRa 
719 2, 9 4 l±nI©GaAsii^t^Wit^So Sfc, ffittI9 3l±, Hi 
OiSffi/f 1 1 tmm<DiJ^^r- Kf»j££*LT^& 0 fi L , iSttS 9 3 t'(ii^#pi 
tJ ? G a A s #»<bfltJ&£ft, ST-PfM^A 1 G a A s *»<bAlj£Sft'0»* 0 
[0 0 3 7 ] 

U-f 9 tCiott^G a A s3£«9 OO^t'J TjftJK, ^ V Tit 

[0 0 3 8 ] 
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[i2] 









mm&? 7 y K19 5 


1 /.j m 


n=6X10' s cm~ :< 




3. 5 /.i m 


n=4X10" cm" 3 


CaAs/AlCaAs ?g"l4Ji 9 3 


1 . 63 u m 






3. 5 n m 


n-4X10 10 cm" 3 


^ 7 > KI9 1. 


1.0/./ m 


n=6X10 ls cm" 3 


; G a A s K£S 9 0 




n=3X10 ls cm" 3 



*2 Mv^T. ffiM 9 3 (±, iT-^pi (G a A s) StfS^KEM (A 1 G a A s) 

&m<0*\ '9 7^J^ii[2I6 {Z7F-fmU<Vtte -C££o 
[ 0 0 3 9] 

(i> LT3X1 0 18 c m- 3 f!«Hi^HS K - 7° £ 7t G a A s£ 

«9 0^ffl^tv^fi, ffittl 9 3 (Of ^PiHTG a A s ^ffii^v^.l VfrftJf 
9 3 tG a A s^&9 0 t (Dm^m^? 7 y KJf 9 1 XtfSafcl&n 7* 9 2 fcK»tTV» 

[0 0 4 0] 

&v>tg a a s*^9 o tm&.s&?7 y vm 9 1 1 <7>wm &&miz Ltzm&<D&m * x~<d 

193 co»T-#^1{iG a A s tf> *bflf#c £ »T-pf^S(±A lo.33Gao.e7As 3&»<b« 

t Ltzo ttz, ^1*19 3^, MT-RRmtm^mmm tzmm ttz 

<D£Ji<7>Ip$ (fJr1^-[S]0/?£) SWDHS)^(il216 iC7^-t|lI^<7)<h^^-C-^^ 0 ic, 
lEfMl^^T, f&ttS 9 3 TiSfi 9 , u m©«tf)H^ tLf: c i£M 9 3 
6tJ&/S#r^±3. 2 It*!), GaAs 9 4 O^fi^ J: (9 & /J>£ v> 0 

© 9 1, 9 5 75 ? f^lt ^^Tv^ 0 
[0 0 4 1 ] 

Wi 7 bzm-f X 9 I:, 9 3 ©2S^fi9fcJBl>W±*iftl&3 TH 9 2, 9 4 OJStff^ «t 

19 *>/h T\ ffitti 9 3 Ciii6lit&(:t^^i>^ 0 *<r>tzt>^ W&Xk9 

7 7KI9 1, 9 5-C<oa&**';7iRW«:ft«-*-*rt:ae>K, Wn7f9 2, 9 4 ^ 
+$H:I¥ < (fiJxti\ 3 . 5 ^ m) LT, it^WCtLffiy- 7?K19 1, 9 5 It 
t:*5fiK i S:«JE$-fr*tt^if*<b4*»o^o -fti:i^ U-+P9 Of $ 7^±itni-& oT- 
[0 0 4 2 ] 

#^*fcJK&£>U-— f 1 ±itLfcJ:?KGaI nNAs£i£14«l 

1 Cfflv^tt^:):^^ G a A s 1 0 ^ 5 y K« <h LTl^ik^'eJ 

-So MoT, d 5 lC^L7t U-Hf 9 Ui3tt*#afc»* 7 7 KS 9 1 tW^7| 9 2 i 
t*<;i t^T" £ £ 0 C^CJ:^ G a A s 1 0 ±.<DmW- ifiM < * •) aeT-ffifiWVh $ 

< fcaoT-^oaenffc^ft^sfiao fo^*, £«-c*£ B B H i£t;j: 19 «n^G a a s 
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(Dm ifi'P 4v>:l:H Kitlg^fSfuHt Sft, U — «f 1 co ibt» Zfa±.Z*tZ>Z ti>x 
[ 0 0 4 3] 

* £ a co * 0 s 1- * to tz , t&^f-ft ^ ffljs £ £ *t r ft M coffin 7) ? ffl v » e n r v » 

tz 0 Ztlit, GaAsCt&T-S^t^IltCfctt^Ga I n NA s ^Ili 1 ^ 
[ 0 0 4 4 ] 

A s fci^t4««OG a I n N A s £ffiv>& £ trt ? -C§£ 0 * LT, GaAstla 
T-^^-t^G a I nNAs^v>S:ii:J: ij n x. bf ? v 

£ fcrt«T?£ JOT?, 1 (4 4 nmtitzffigk&Zmz-Z Z timUtt 4o0»-6 0 

[ 0 0 4 5] 

±f5P-+P 1 cofllJKOlfe^tcisv^T, SI4I 1 1 i:fflv>t,ft4 GalnNAs \z&\,l%> 
SSaRoajffiJt t L T 0 . 4 4 % £1?iJtf L Ms?f colfiJ&Jtii 0 .- 1 %iik± 4 0 %iikTX 
$>fH£BL < > 0 . 1 %W_h 1 0 %YXfX-hh Z t tiffit Lv> 0 
[ 0 0 4 6] 

i8li, 9* 1 izte^X, G a I n N A s K^t <5>M*CD,ifij&Jt t ffittS 1 1 iZ&tf 
&1}cffl£&t0&m.t<DM&*7f;Ltzmx$>& o xnmt^^zit^ I n<Dm.f&ittf0. 0 3 
"C*&G a o.9 7 I no. os A s KSHRfciSStni t f&ft* 1 1 cojfclfl £&*H*ifc<O^0: 

ftzittf o . i % i o /h£ v>«« (m s ©#nftao ximnm^^-rjtm c&to^x § 

tv>4'^„ fv^iftlf, Gal nNAsi^tt^il^tJSJt^O. l%J:*)/hSv*# 
£-tz}±, ig-ftS l l cojgr^^- Kttlftt- Ktifco-CiJi) is-Vf&miPS-. £%^ 0 ^co 
Ga I nNAsCiilt^lioMitfiO. 1 %&±X$>2> Z t tfft&X' $> Z> <> & 
jo, ft*^P^LT(±. fSttS 1 IkZte^^Xfc&l f xm<Djtff£.$L : £tiX^Z>t\^tZo 
[0 0 4 7] 

GalnNAs fWif £^tr III-N-VSjtJ|S#*#l±S*©m&|fc1&K7&* 

»5>iiTv»4 0 G a A s Cll^iit^ £ 7 W K^r> y 7°co G a Ni;i£o*< ^tfXijlljt 
t4/s> K*> :y < b&tTmzti&ti** h'tfVJ yyizx «5— j&G a 

A s <D/<y K^f-V y "7° 4 *) WPLXfrh G a NK|p]H-Tif tjp-f& £ t#^f)fttv^ 0 Be 
llaiche^^J: , mmo&J&ittf 1 0 %mmtXl±s<> K^> y ~f ifHtM. \z Wi'p L , 

# J ^£;ft.TV>& (Phys. Rev. B. Vol. 54, pi 7568 (1996) ) 0 
[ 0 0 4 8] 

tfz, G a I n A s (4G a A s *<P<L>t LX, m.m* : (fcM1rZ>Z t l<z X *) /<> K*> y 
-ftf'h Zitt&tmz i> 'h £ < tt 2> o -77 > I n Sr : mn -f Z> t ;< > K ^ ^ y -fit 

/J^$ < «r* t*tct&T-^ti^:# < «r*o lot, G a A s i:«?S^t4G ai-x I n x 
N y Asi-vO«!±I n iNtCJ: ^-5**, If ^iliLt/'i'> K+> 

•y < 4 4 C»MJt^4 0 %SBEt?*4 - It co«Jt(± 4 0 % 

[ 0 0 4 9] 

Mm ( A Ec) bzteft-rz> 0 EI 9(4, ^*WG a A s*«*fflv»fci^*7y - Kl/-f 

^ is tt ^> twiwt iT-iii b t <Dmuffi7pigL»<D-m *7Fi-m&.mx& h 0 m 9 

t?(4, fiT-4t^^W^G a A s*»e>»j£L, i^ilfB^A I0.33G ao.erA s 
iSLt^^Lti/^o @9t:it*JST'l±, AEctiO. 2 6 4 e Vtfttt^n, 
^co#5t^y/<> KWMPKUfcJflSn* fc<K3£L^»^ ^fi^8 ^ mCOTth v iff 

f±ll£J|f 2003-3095724 
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[0 0 5 0] 

CUxS-CG a A sl«fflv>tffm- Kl^-^<7>M?£JBlW±j£L£ i ? ft 8 
m t ft oT;k <9 > I n PSS^fflv^:!^*^^ - Kl/-f Ol^glf l±3. 
kiotwi, ft£. i^^t- Ki^--foM?£{Hfc(±> ft^ib^illi^-f 3 
■?->f 1^7^ K^*tf4 (GaN/A 1 N) "C & fir bftt v> & tf*, ftfSil^ftWft v>i 

[ 0 0 5 1 ] 

#p| («ilf, @2©1 1 0) £G ao.97 I no.03No.02A so.ss^fcflUSU ffc^W 
M (#J;Ui\ 0 2<Z>1 1 1) £A 1 0.33G ao.67 A s LTt^Ofc^flTOEIS 
©«AH-e*4 0 -<7)i§^<7)fS*^^^c ( A E c ) i± 0 . 6 11 eVtlf^ixSo 

^mOTth v2tf$LJ&Zti. $£%:<DM$L&m&8 m mi&tM-t& - timUtt ft£ Q IT 

tfz i -5 tcfugifegoffiafefift^nrffifcftntf, iift/a octant lto^^pt^t^^ 

o 

[0 0 5 2 ] 

m±o«fc K» EI 1 ^^L7tr1S^<^*^-^^^- KU-f 1 lanii", ffittll 1(7)1 
T-4tJ3ll^ J M^^^-A/iG a I n N A s Sttf 1 1 O^&ft/ft 

® Jffs|57&*G a A s 1 0<fc*)k:*:#<ft*o - 0*§^, G a A s IMS 1 0 * ? 9 y KJf 
fcLtli$*^:t^t'^(Ot\ GaAsIftlOiCKgUffittil 1 ^ftt 

O#5ffi^-fk7&*0^n, SSS-C-O^ (CW) #lig& BTf£t ft&o 

(*2©iiii) 

(HI 111, #S&9!K O^Mf^Jc7)«/5£^7p-rfflM®fM 
H-C-$)^o El 1 1 K^LfcU--9-*2 »i, 121 1 K^Lfcl^-^l fcHflUc, G a A s&«£ 

[ 0 0 5 3 ] 

1"— F2f±, 3X1 0 18 cm- 3 fSSi:^iSK-7 , $ii/ 1 ;GaAs^2 0±t: > nl 
OGaAs|21, Ga I nNAs/A 1 GaAs fSttS 11, n GaAsi22 ) 

#asK^9 y ks 1 3M3>^? 1 4 7) ? )iinit^$nT«^:$nTv^ 0 ttz. m 

l^Iii<7)l^-f 1 fcTOK, 9-*2 0flPJMtf>-9 *>*t|6]Lrv»S^fjE021Btcti, 
2-CWjfc*«»*«J*1--5illB (H/j^LTv-ftvO ^J&$ftTV>& 0 GaAs 
i«2 0«^t'i7iS, afct/tl, ^S^Jf^SO** -V 'j Tit so -00 (±^3 Of!) -c* 

^.0 ft&, ffitta 1 1 o*jfit±» 1 ©^ifstRiif* i) , m 3 omftn^i-#$c<7)« 

[0 0 5 4 ] 
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[S3] 









m$iV&? 7 y KB 1 3 


1 /./ m 


n=6 X 10 18 cirf* 


j»/££g^TH 2 2 


3. 5 /./ m 


n=4X 10" 3 cm" 3 


GalnNAs/AlGaAs fSttS 1 1 


1. 63 n m 




®W^Tf2 1 


1 u m 


n=4X10 K ' cm" :; 


G a A s S+S 2 0 




n=3X10 18 era" 3 



U-¥2lt, *m<*Mfct L T 3 X 1 0 18 c m- 3 fl^^j^il^ h'-7£fttzG a A 
O^fflv^T^I.*, fe&m 1 ItGaA s^4S2 0 tOlCnl^G a A s!2 1 * 

[ 0 0 5 5] 

±I5«^<7) Ga I nNAs^t^#Pli;.li>f:Mll l^^LTjo 

<9 , f£14H 1 1 <D%$mti:mft^t G a A s S1K 20J3«fcO f GaAsS2 1, 2 2 J: «9 ^> 
^K4oti>4o %<ntztb. S5Wl/-f 9W<t^:, 1 liGaAs 2 0 

tcoFtfJH, 5 y KJB 9 1 £l£tt S'J&3?{±& < > G a A s « 2 1 4r» < f & - 

■elio -€-0^*> G a A s SIR 2 0±Olf^i<tl)Ct^t'II.OT\ $ 1 O^Jfe 

GaAsm ffl v> fcfi^OfiT- * * ^ - K U - -«f «t t) i> ffi&Kf fct? & & <D (i s 

m i t mux-ihz 0 

[0 0 5 6 ] 

tt-#£#f±, mi<o$kMftm<om&tmc-e$>2>o mm a. mi lUKGaAsis 

20HaAs|21 t Ol^H SrlgitSU LfcJft^li^Six Sr^LTi/>4 0 IKtt 

Df$M*^Ltv>S 0 H 1 2 *»<s>31JB$tL* J: 9C, G a A s3MR2 0 tffitti 1 1 t 
OH Tab o T G a A s 2 0 ±<D n I<D GaAs|2 1 (i , 1 1 ^ftAt-^tl 

OGaAsi22 t *HH®fi<JH a 71 1 LtMLT^So 
[ 0 0 5 7] 

Bl3i±, GaAsi21 OJ?£ t^Pfl «>H«fc^Lfcia-C-**o 
GaAsi2 1 OJ?££tfU tfENMffl C&ftlUltS:$ Lt^4 c HI 1 3^f>ifS$^ 
-6 J: -9 *BBCii*#ffC*4^ G a A si 2 1 <DW- $ # ? 0 . 0^m-2. 0 ,« mOfgffl-C 
t±^.pi;liiPLT^ 19 > . 0 // m£M;L£ fc«^LTv>-5 a ^(Dtzib* G a A s 

1 2 1 oflESli 2 . 0 M mWTt-*S:^ii Lv>o 
[0 0 5 8] 

GaAsl21©f§#'l. O^miS^-CtijtPBCii^Sc^O. 4 0t\ f 
$^2. 0 ft mi&mx^±±m i:a*«ft*%0. 4 3t4oTv»4 0 iW>?>Ii$*L4 
GaAsi2i £f£tt> ^<7»?$^iil:P^-r^- •jfl&M 1 i^>:ft;Bi 

(* 3 (vimim) 

mT*&o El 1 4 H^Lfcl'-'f 3 (±, H 1 izmL?zl<-4f 1 i: P1#H, G a A s*«£ 
[0 0 5 9] 

Is— ¥3 it* m2<DmWfcm<r>l>>-*f2kZis^X* GaAsi2 1 fcfi&tt* 1 1 t<Dffl 
, ffittil UGaAs§22torat:*^fSttIl ICRS L/c T > K- 7*^) G 

aInNAsS3 1, 3 2 S-^ttWlz-f 2 tffljlt5o Ga I nNAsS3 1, 3 
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2O*Ifi94lf§l±0. 3 je* m70^lj^$a^o 
[0 0 6 0] 

-tf£#lJ&T"(i, GaAsi2 1 > GaAsi2 2 0f B l0^i, 1"&;b*>, G a I n NA 
s H 3 K Sfil 11, GaInNAsi32 it^t LX^TMt LXWiffe L, G a A 
sl«2 0SV'W^7'7 Kll 3t*t:#OTil^ffMLT^4o 
[0 0 6 1 ] 

±§5G aInNAs!31, 3 2<7>ffll£(d\ fS1±S 1 1 Cfflt^ftt^SG a I n N A 
s i: |WJ 1:M^cT-*^>^\ GaInNAsi31, 32 O/SW^ti, G a I n N A s / A 1 
G a A si%]±m 1 1 O^tfj&Jmflr^J: <0 *>*£^ Q fe^X , ±j£L/iG a A s H 2 1 , 

2 2 <nm(D&mfrhm$LZi\z> 3 7ioiiffii-»^^ <&& Q t>7tr^i: 

^ =t 19 S&IIl^-f £ CI t &X # £ o ifittl 1 UGa I nNAs|3 1, 32 "Cfll^ $ 
ft£ n 7|W^Jfi^^ff$^G a A s **£2 0iiJ:O ; 'GaAsl2 1, 22J;f)U§ 
^fc<>?>, GaInNAsl3 1, 3 2 <7>AM0-J&I¥£ ( 0 . 3 M m) XM^Ltz X 0 
CGaInNAs|31, 32 < Tfc&^o -^(Dtzib, G a A s 2 0 ±<7)£#:0 

[0 0 6 2] 

liii^^Dr^So ife, ttflLRtfffiWitieii 2 tnmxhh 0 m \ siz&v 

j£Ui9f:GaAsi21, 2 2 <3WO#Jl ft* LtnTlhL 
[0 0 6 3 ] 

v»dt(4W-9 £-C-*>&v> 0 ^Jx_fi\ •Site 1 1 Ki3Jt£fi?-#j5JI£G alnNAsH 
iiLtv^#\ vraUTAs, P, S b<7>9 *>4>& < & 1 otllt ^-g-tflll 

[ 0 0 6 4 ] 

4vMiMOCVDfti^fflv»r^SlL-CiIv»o 
[ 0 0 6 5 ] 

BE t- , fll x tf Bl 1 tc^ L U - +F 1 Xii . ?&M 1 1 (i G a A s 1 0 t *&T-$S£- L 

t v » * i t $ l v » a*, ^ ^#tt^«7fe $ ti * * , u - # u jfi m <o %m 
& ^mm xh fi f*\ * ote^s^ (± $ a & o 

[0 0 6 6 ] 

iCifc, iKOliiltli, GaAsiSatiiltK-^U:GaAsI«t 
LTV»4#, T> K-^G a A s aMR£fflv»S £ 4 v$itXh& 0 £fc, g2©ilf 
fl^SWHiltli, GaAsifit LT^?)ftJS K-rifcG a A s*««rffiv*-c 
ftISF-^GaAsiS?:lKt^o i3^Ilf it(±, G a A 

s*«2 0±coai«ii^joV>Tv^M 1 lOMWUCGa I nNAs|3 1, 3 2^1 
fix** L ^M^ffl^fxttTv>^^g{i4" < > iCGa I nNAsin^t^ 
v^o #U;L(±\ ilti 1 UGaA s3£&2 0 <hOf B ^ ffitt* 1 1 CttLTG a A s 

g£«2 Qtmttm<o*> t><D'j?% < t ^tcstsji 1 1 tm&Lx, mjtmt lta s 
, p. strs *><?>4?% < i: 1 otmmt i^tsin-vmit^^m^hmm.^ 

[ 0 0 6 7 ] 

ifc, f£14« 1 1 KflliiOifciB-eii, LT 2 owt^/O KB 1 , B 
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RpmRvtm^mMmvmm^zmz-zz t tzx ^ so^t^o vtmf&znx^ 
££j&-r & - 1 i> pt^t-^^o 

[0®^Wiji&ra] 
[0 0 6 8 ] 

[0 i ] tf*xt- ki^-^^ i <Dmtmm<vmf&z^irimmmmmx&z> 0 
[H3] ffift/i i i 7 h<D&m<nmz. + 

[0 8] ffittl^Mt^Ga I n N A s \z&tf Z>m.m<r>&mttitm CZtb&Mt 

-#ij ©i^i -c & & o 
mm t (ommttmmto-mnm&wvjb&o 

[0ii] m=?-ftx / r- Yv-*f<r>m2 nmnMW^m^T^-rmmmmmx'^^o 
[0i2] 01 lnttxxr-v'i'-ykztiii&mtfmft^tjt&mfriBt&fji'r 

[0 1 3 ] 0 1 1 (DM^-JiX'r- VU-ifbZtsif&G a A si 2 1 fcftpfl 
a6 1£ |fc t <D ffl % * m 1r 0 X * * o 

[0 14] Ki/-fo»3 o^;Sfe^Ji^«j**^i-fflliSBflii0-e*>4o 

[0 15] 0 1 2<7)»^-#^- KP-^cjstt&JSW^* 

mx$>& 0 

[0 0 6 9] 

1, 2, 3-1?*^^- Kl/-f\ 10-GaAsM, 11—GaInNAs/ 
AlGaAsjitti, 12, 1 3-|tK^7 Ki, 14-3>^^H, 20 — Ga 
AsSS, 2 1- GaAsl, 22-GaAsf, 31, 3 2-Ga I nNAsi, 10 
1 -m^-, 1 0 2-»T-#Pl§7tB, 1 0 3-iiAi, 1 0 1 1 0 

•••iWi, i i i-m=pmmm. 1 1 2-mt-#p§, i 1 3— b 1, 

B 2 > K 0 
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[*#«] mm 
m i ] 



14— 






k. X 


13— 


n ++ GaAs 






12— 


n GaAs 






11 — 


GalnNAs/AIGaAs 




0 








10— 


n GaAsSJS 
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^ - -J : 



3/ 



[03] 

















(nm) 




(cm" 3 ) 




G a I n N A s 


2 . 


1 


u 


n 


d 


ope 




A 1 G a A s 


2 . 


5 


u 


n 


d 


ope 




G a I n N A s 


2 . 


3 


1 . 


6 X 1 0 1 7 




A 1 G a A s 


2 . 5 


1 . 


6 X 1 0 1 7 




G a J n N A s 


2 . 


3 


1 . 


6 X 1 0 1 7 




A 1 G a A s 


2 . 


3 


1 . 


6 X 1 0 1 7 




G a I n N A s 


2. 


8 


u 


n 


d 


ope 




A 1 G a A s 


2. 


0 


u 


n 


d 


ope 




G a T n N A s 


3. 


2 


w 


n 


d 


ope 




A 1 G a A s 


3. 


4 


u 


n 


d 


ope 




G a I n N A s 


4 . 


0 


u 


n 


d 


ope 




A 1 G a A s 


1 . 


7 


u 


n 


d 


ope 




G a I n N A s 


4 . 


9 


u 


n 


d 


ope 




A 1 G a A s 


2 . 


0 


u 


n 


d 


ope 




G a I n N A s 


1 . 


5 


u 


n 


d 


ope 




A 1 G a A s 


5. 


8 


u 


n 


d 


ope 



fcblJE# 2003-3095724 



#JSI 2003-274306 



4/ 



[14] 



Mm 



oiooLOoinoLpo 
coiriiriTr^cococvicsi 




ooooooooooooo 

I I I I I I 



tfclliE#2 0 0 3 



-3095724 



M 2003-274306 



^-v: 5/ 



[15] 



J 



96 
95 

94 

93 

92 

91 

90 



n 



++ 



n 



GaAs 
GaAs 



GaAs/AIGaAs 



n 



n 



GaAs 



GaAs 



n GaAslt^S 



mfjE# 2003-3095724 



#11 2003-274306 ^- ->* : 6/ 

[06] 







( n m) 


^ y T&m 

(cm" 3 ) 




G a A s 


2 . 1 


u n d o p e 


A 1 G a A s 


2. 5 


u n d o p e 


G a A s 


2. 3 


1 . 6 X 1 0 1 7 


A 1 G a A s 


2. 5 


1 . 6 X l 0 1 7 


G a A s 


2 . 3 


1 . 6 X 1 0 1 7 


A 1 G a A s 


2 . 3 


1 . 6 X 1 0 1 7 


G a A s 


2 . 8 


u n d o p e 


A 1 G a A s 


2 . 0 


u n d o p e 


G a A s 


3. 2 


u n d o p e 




A 1 G a A s 


3. 4 


u n d o p e 


G a A s 


4 . 0 


u n d o p e 


A 1 G a A s 


1 . 7 


u n d o p e 


G a A s 


4 . 9 


u n d o p e 


A 1 G a A s 


2 . 0 


u n d o p e 


G a A s 


1 . 5 


u n d o p e 


A 1 G a A s 


5 . 8 


u n d o p e 
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A Ec 
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[11 1 0] 



111 > l < 110 > 



111 



h 
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14' 
13' 

22' 

11- 
21' 

20' 



n 



++ 



GaAs 



n 



GaAs 



GalnNAs/AIGaAs 



n 



GaAs 



n GaAs&fJS 
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[113] 




momoinoinomo 

■^•^COCOCNJCMt-t-OO 

oooooooooo 
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14' 
13' 

22' 

32' 
11- 

31' 
21' 



n 



++ 



n 



GaAs 
GaAs 



GalnNAs 



GalnNAs/AIGaAs 



GalnNAs 



n 



GaAs 



20' 



n GaAsSfl* 
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2 0 0 3 



-3095724 



mm 2 0 0 3 - 2 7 4 3 0 6 ^- v : l/E 

[35ft] 

££.m-rz>m$k<r>mi L #p5k±m 102, 104. so\ ^rfihmm^t^p^itmm 

s , PS^'S b 60 9 *>04>£ < t *> 1 o fcltt £^frIII-V^L^#*^£^^ll 

immm] m 1 



tb!E# 2003-3095724 



#S 2003-274306 



m m a m m m 



[000236436] 



1 . ^LWn B 1990^ 8^105 

Rf #W»f£t&lfj7ff»liri 1 2 6«<9 1 



